
Degenerative Lumbar Spinal Stenosis

Estenose degenerativa do canal lombar
Sergio Hennemann1 Marcelo Rodrigues de Abreu2

1Orthopedics Service, Spine Group, Hospital Mãe de Deus, Porto
Alegre, RS, Brazil

2Musculoskeletal Radiology, Hospital Mãe de Deus, Porto Alegre, RS, Brazil

Rev Bras Ortop 2021;56(1):9–17.

Address for correspondence Sergio Hennemann, Rua Costa 30/806,
Porto Alegre, RS, 90110270, Brazil (e-mail: sergiohe@terra.com.br).

Keywords

► arthrodesis
► intermittent

claudication
► decompression
► stenosis
► low back pain

Abstract Degenerative lumbar spinal stenosis is themost frequent cause of low back pain and/or
sciatica in the elderly patient. Epidemiology, pathophysiology, clinical manifestations
and testing are reviewed in a wide current bibliographic investigation. The importance
of the relationship between clinical presentation and imaging study, especially
magnetic resonance imaging (MRI), is emphasized. Prior to treatment indication, it
is necessary to identify the precise location of pain, as well as the differential diagnosis
between neurological and vascular lameness. Conservative treatment combining
medications with various physical therapy techniques solves the problem in most
cases, while therapeutic testing with injections, whether epidural, foraminal or
facetary, is performed when pain does not subside with conservative treatment and
before surgery is indicated. Injections usually perform better results in relieving sciatica
symptoms and less in neurological lameness. Equine tail and/or root decompression
associated or not with fusion is the gold standard when surgical intervention is
required. Fusion after decompression is necessary in cases with segmental instability,
such as degenerative spondylolisthesis. When canal stenosis occurs at multiple levels
and is accompanied by axis deviation, whether coronal and/or sagittal, correction of
axis deviations should be performed in addition to decompression and fusion,
especially of the sagittal axis, in which a lumbar lordosis correction is required with
techniques that correct the rectified lordosis to values close to the pelvic incidence.

Resumo A estenose degenerativa do canal vertebral lombar é a causa mais frequente de dor
lombar e/ou ciática no paciente idoso; sua epidemiologia, fisiopatogenia, manifesta-
ções e testes clínicos são revistos em ampla investigação bibliográfica atual. A
importância da relação entre a clínica e o estudo por imagens, principalmente a
ressonância magnética (RM), é ressaltada. Antes da indicação do tratamento, é
necessário identificar a localização precisa da dor, bem como o diagnóstico diferencial
entre a claudicação neurogênica e a vascular. O tratamento conservador associando
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Introduction

Lumbar spinal stenosis is defined as the narrowing of any
vertebral canal, foramina or lateral recess leading to a clinical
presentation of low back pain that can radiate to the buttocks
and lower limbs and presenting well-defined precipitating
and relief causes related to the compression of neurovascular
structures within the lumbar canal.

Spinal stenosis causes

A. Congenital conditions, such as short pedicles or joint
facets in anomalous orientation
B. Acquired conditions:
1. As a consequence of injuries: vertebra fracture with

bone fragment projecting into the spinal cavity, verte-
bral dislocation;

2. Bone tumors or metastases from soft tissue neoplasia
invading the spinal cavity;

3. Hematomas from different origins;
4. Abscess due to an infection originating in the vertebral

body or intervertebral disc;
5. Several bone-metabolic or endocrine diseases such as

acromegaly, renal osteodystrophy and
hypoparathyroidism;

6. Other deforming bone diseases such as Paget disease,
achondroplasia, rheumatoid arthritis, ankylosing
spondylitis and diffuse idiopathic bone hyperostosis;

7. Iatrogenic conditions: postdecompression or bone re-
section surgery;

8. Degenerative disease due to degenerative discopathy
and facet arthrosis (the most common cause).

C. Mixed causes: congenital stenosis associated with
acquired stenosis: for example, short-pedicled spine cav-
ity stenosis associated with disc arthrosis.

The present review focuses on lumbar spinal stenosis with a
degenerative origin.

Epidemiology

Although the degenerative process affects virtually all spines
after the 5th and 6th decades of life, only �6% of adults suffer
from symptomatic lumbar spinal stenosis.1,2

Degenerative spinal cavity stenosis associated with con-
genital conditions (such as a short pedicle or joint facets in
sagittal orientation) may result in clinical manifestations in
people aged 30 to 40 years old.3

Lumbar spinal stenosis is the most common cause of
lumbar spine diseases in patients> 65 years old requiring
surgical treatment; it is estimated that �0.1% of the popula-
tion will need some procedure to treat degenerative lumbar
spine conditions.4

Vertebral spinal cavity anatomy

The main limits of the vertebral spinal cavity include, ante-
riorly, the intervertebral disc and the vertebral body; lateral-
ly, the two pedicles and the interapophyseal joints alongwith
their capsules; and posteriorly, laminas and ligamentum
flavum.

In central stenosis, the spinal cavity narrows anteriorly
due to the protrusion of an intervertebral disc and osteo-
phytes in the posterior region of the vertebral bodies and,
later, by the indentation of the ligamentum flavum, which is
thickened. The spinal cavity space decreases with lumbar
spine extension and increaseswith itsflexion, characterizing
the dynamic component of the symptomatology of spinal
cavity stenosis.5

Lateral recess stenosis presents with interapophyseal
joint capsules hypertrophy; in more advanced states, the
projection into the spinal cavity of osteophytes from the
upper facets of the lower vertebra is themain cause, resulting
in dural sac and adjacent radicular compression.

In foraminal stenosis, intervertebral disc protrusion is
associated with an osteophyte formed at the upper articular
apophysis of the lower vertebra, compressing the emerging

medicações com as diversas técnicas fisioterápicas resolve o problema na maioria dos
casos, já o teste terapêutico com os bloqueios, seja epidural, foraminal ou facetário, é
realizado quando as dores não cedem com o tratamento conservador e antes da
indicação da cirurgia. Os bloqueios costumam dar melhores resultados no alívio dos
sintomas de ciatalgia e menos no quadro de claudicação neurogênica. A descom-
pressão da cauda equina e/ou radicular associada ou não à artrodese é o padrão ouro
quando a intervenção cirúrgica é necessária. A artrodese após a descompressão é
necessária nos casos com instabilidade segmentar, como na espondilolistese degene-
rativa. Quando a estenose de canal acontece em múltiplos níveis e vem acompanhada
de desvio de eixo, seja coronal e/ou sagital, deve ser realizada, além das descom-
pressões e artrodese, a correção dos desvios de eixo, principalmente o eixo sagital,
quando a correção da lordose lombar se impõe com técnicas que corrigem a lordose
retificada para valores próximos à incidência pélvica.

Palavras-chave

► artrodese
► claudicação

intermitente
► descompressão
► estenose
► dor lombar
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nerve root. This is more frequent in the lower lumbar spine,
where the foramen diameter is anatomically decreased and
the nerve root diameter is increased, rendering the spine
more susceptible to compressions even by smaller osteo-
phytes (►Figure 1).

Clinical presentation and natural history

Most stenosis cases become symptomatic after the 6th

decade of life; symptoms are usually insidious and related
to L3-L4 and L4-L5 degeneration. In early stages, themajority
of cases report recurrent low back pain that, over time,
becomes permanent. This symptom is generally related to
disc degeneration, in its various stages, and to the onset of
facet arthrosis, characterized by synovitis.

In its evolution, low back pain can radiate to theflanks and
gluteal region and, eventually, to the nerve root path, char-
acterizing the probable association with a herniated disc or
even foraminal or lateral recess stenosis.

In central stenosis, the classic symptom is neurogenic
claudication, with lower limb pain, paresthesia and decreased
strength in an insidious, slow progression. These symptoms
are associated with walking or standing up and are relieved
when the patient sits down, leans forward or lies down.6

Symptoms can be better understood using the degenera-
tive cascade reported by Kirkaldy-Willis et al,7 which
describes the evolution of the degenerative process both at
intervertebral discs, joint facets and vertebral bodies levels.

A possible cause of degenerative lumbar stenosis is the
sagittal orientation of joint facets, which can also result in
congenital stenosis.8

The final stage of the degenerative process consists in
ankylosis of the compromised segment(s), which can result
in worse clinical symptoms, with pain even during rest, and
more severe neurological alterations, such as cauda equina
syndrome or neurogenic bladder.

Physical exam

Physical examination findings in central spinal stenosis are
often poor and not characteristic.

Lameness can manifest itself when the examiner asks the
patient to walk or to extend the spine. In advanced stages,
there is often lumbar lordosis rectification and sagittal
balance loss, in which the patient bents forward.

Eventually, the patientmay show radicular symptoms and
signs in cases of foraminal stenosis, or a herniated disc
associated with radiological signs of foraminal or lateral
recess stenosis. Most of the time, there is no sign of radicular
irritation or a positive Laségue sign.

Potential strength decreases in certain muscle groups,
and corresponding changes in sensitivity and reflex
responses, in a metameric distribution, are rarely present,
depending on the location and degree of lumbar spinal
stenosis.

In an international consensus, a group of 279 specialists
from 29 countries concluded that 7 clinical signs and symp-
toms are required to be 80% sure of the presence of lumbar
spinal stenosis based on history and physical examination,
namely: gluteal region or lower limbs pain when walking;
symptoms relief at anterior flexion; relief when using a
supermarket cart or riding a bicycle; sensory or motor
disturbances when walking; normal or symmetrical periph-
eral pulses; lower extremities weakness; and low back pain.9

Occasionally, lumbar spinal stenosis is concomitant with
cervical or dorsal spinal stenosis; signs of cervical radicul-
opathy or myelopathy predominate in such cases are charac-
terized by spasticity, hyperreflexia, clonus and loss of
balance.

Differential diagnosis between neurogenic
and vascular claudication

The differential diagnosis between neurogenic and vascular
claudication must be defined at the time of the physical
examination of the patient. Treatment must only start after
this differentiation.

Most vascular (ischemic) lameness cases present with calf
painwith potential proximal extension. The arterial pulses of
the lower limbs are often diminished, while aortic, femoral,
popliteal, posterior tibial and dorsalis pedis arteries must be
searched by palpation or auscultation.

The patient usually reports that symptoms are aggravated
and relieved by activities in any position. Relief has nothing
to do with flexion or extension. Riding a bicycle worsens
symptoms of vascular stenosis, which does not happen in
cases of neurogenic stenosis due to trunk flexion.

If vascular alterations are suspected, specific tests to
investigate arterial and venous peripheral circulation must
be requested.

Fig. 1 Axial computed tomography images showing: Central stenosis from (A) lateral recess and (B) foramen; (C and D) Degenerative scoliosis
with vertebral rotation and laterolysthesis with foraminal stenosis.

Rev Bras Ortop Vol. 56 No. 1/2021 © 2020. Sociedade Brasileira de Ortopedia e Traumatologia. All rights reserved.

Degenerative lumbar spinal stenosis Henneman et al. 11



In elderly patients, it is also important to exclude periph-
eral neuropathies, especially in diabetics. These neuropa-
thies are mainly characterized by feet hypoesthesia, reduced
vibratory sensitivity, nocturnal “burning” and lack of corre-
lation with physical activity. In such cases, an electroneur-
omyography exam must be requested to establish the
differential diagnosis.

Delamarter et al10 and Rydevik et al11 described the
electrophysiological changes in nerve roots resulting from
vascular congestion by extrinsic compression, as occurs in
spinal stenosis. These authors attempted to demonstrate that
most stenosis signs and symptoms are caused by a vasculari-
zation disturbance of the nervous structures, associatedwith
inflammatory alterations, rather than compression itself.
Thus, it can be concluded that the signs and symptoms
from the result of degenerative spinal cavity stenosis are
caused by a sum of mechanical, vascular and neurological
changes.

Lumbar stenosis imaging

Lumbar stenosis is a clinical and radiological syndrome; the
following information must be provided to radiologists in
case of suspicion of lumbar stenosis: first, whether or not the
patient meets stenosis criteria; second, in case there is a
stenosis, detailed information about its location and the
factor(s) causing it. This information is required to recom-
mend appropriate treatment options.

The North American Spine Society guidelines state that
imaging is the main noninvasive test for lumbar spinal
stenosis diagnosis but does not provide radiological criteria
for the condition. Most specialists in musculoskeletal radiol-
ogy use qualitative criteria for lumbar spinal stenosis diag-
nosis. According to Genevay et al,12 there are several criteria
to describe lumbar spinal stenosis; however, they are not
always clearly defined, potentially hindering a reliable
diagnosis.

Qualitative criteria used for lumbar spinal stenosis diag-
nosis include:

• Disc protrusion
• Perineural fat fading

• Joint facet degeneration and hypertrophy
• Lack of fluid around the cauda equina
• Ligamentum flavum hypertrophy
• Cauda equina roots redundancy and serpentine shape
• Epidural lipomatosis13 (►Figure 2A)

Plain radiography
Spinal stenosis can be strongly suspected on plain radio-
graphs of patients with back pain. The anteroposterior (AP)
diameter of the vertebral canal increases caudally and itmust
be considered abnormal if it is< 12mm at the lumbar
spine14 and< 10mm at the cervical spine.15,16

Magnetic resonance imaging and computed
tomography
Magnetic resonance imaging (MRI) is suggested as the most
appropriate noninvasive test to confirm the presence of
anatomical narrowing of the vertebral canal or radicular
impingement in patients with clinical suspicion of lumbar
spinal stenosis. Lumbar spinal stenosis can be diagnosed
based on the AP diameter of the spinal canal or the cross-
sectional area of the dural sac.

The cross-sectional area of the dural sac is considered
normal if it is> 100mm2 at its narrowest point; it is stenotic
if itmeasures between 76 and 100mm2 and severely stenotic
if it is< 76mm2. Magnetic resonance imaging and computed
tomography (CT) allow the direct visualization of central and
lateral canals. Magnetic resonance imaging has the added
benefit of soft tissue visualization.17

Evaluation of the vertebral canal – diagnostic criteria

– Bony canal AP diameter< 10mm at the cervical spine
or< 12mm at the lumbar spine;

– The cross-sectional area of the dural sac at its narrowest
point is considered stenotic if it measures between 76 and
100mm2 and severely stenotic if it is< 76mm2.

Evaluation of the neuroforamen and lateral recess –
diagnostic criteria

– Foraminal AP diameter< 3mm in sagittal imaging is
considered a diagnostic factor for stenosis;

Fig. 2 (A) Axial magnetic resonance imaging (MRI) showing spinal stenosis with ligamentum flavum thickening (1), facet arthrosis with synovitis
(2) and disc protrusion (3). (B) Sagittal computed tomography (CT) scan showing L1-L2-L3-L4 spinal stenosis. (C) Surgical photography: three-
level decompression using the conventional laminectomy technique plus lateral recess resection and bilateral foraminotomy. (D) Sagittal MRI
showing degenerative L3-L4 and L4-L5 stenosis with degenerative spondylolisthesis in L4-L5.
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– Lateral recess height< 3mm or a lateral recess an-
gle< 30° are also evidence of spinal stenosis.

Functional spine stenosis

Functional spine stenosis is more important than bony spine
stenosis in clinical presentation.14 Functional spine stenosis is
produced by several soft tissue components, such as disc
protrusion; ligament hypertrophy; synovial cysts; and insta-
bilities, which determine neurological symptoms andmanifes-
tations, often not demonstrated in imaging studies. Orthostatic
scans (orthostatic MRI) and functional studies (dynamic radio-
graphs) can help to confirm the stenosis diagnosis at imaging.

More recent neurography exams (specialized nerve reso-
nance) can provide specific quantitative information about
physiological root and ganglia changes through water diffu-
sion from axons, contributing to a better understanding of
symptoms and clinical correlation.

Lumbar spinal stenosis: conservative
treatment

In 1993, Onel et al17 published their experience with conser-
vative treatment in a prospective study including 145
patients with lumbar spinal stenosis

Conservative treatment consisted of physical therapy
with thermal analgesia plus exercises and calcitonin. The
patients showed statistically significant improvement, ex-
cept for deep reflex changes. The authors concluded that
conservative treatment may be themethod of choice in older
patients and those without clinical conditions for decom-
pression surgery.

If neurogenic claudication is not severe and there are no
symptoms ofmotor deficit, the initial treatmentmust attempt
to relievepainwith rest andchanges indailyactivities. Initially,
analgesics and nonsteroidal anti-inflammatory drugs are rec-
ommended, possibly associatedwith muscle relaxants. In this
phase, physical therapy with thermal analgesia, transcutane-
ous nerve stimulation (TENS) and light mobilization exercises
with stretching and progressive muscle strength for postural
correction can be performed for pain relief. Acupuncture,
chiropractic procedures and McKenzie exercises can also be
used for pain relief. None of these methods has proven
superiority over another, and none provides significant neu-
rogenic claudication improvement.18,19

If there is a history of lower limb chronic pain, paresthesia,
dysesthesia, or neuropathic pain, this treatment can be
associated with tricyclic antidepressants and/or anticonvul-
sants such as gabapentin or pregabalin. Pregabalin is the
drug of choice in neuropathic pain, with � 40% of patients
reporting relief.20

In addition, analgesics, anti-inflammatories and anticon-
vulsants do not demonstrate great efficacy in neurogenic
claudication improvement. Steroids may be indicated in case
of radicular irritation worsening, always for a brief period of
time to reduce the risk of side effects; narcotic analgesics can
also be used.

Epidural block with steroid injection into the epidural
space relieves spinal stenosis symptoms; this treatment is

more efficient in radiculopathies than in neurogenic claudi-
cation, although there are no studies demonstrating its long-
term effectiveness. Riew et al reported that 71% of patients
who initially agreed with surgery gave up on it after being
subjected to a selective injection of betamethasone and
bupivacaine into nerve roots.21

These blocks can be performed via interlaminar or caudal
approaches and, when radicular pain predominates, a selec-
tive transforaminal injection into the nerve root with ste-
roids and bupivacaine performed under fluoroscopic
guidance is indicated.

Conservative or surgical treatment?

A study by Johnsson et al22 reported the conservative treat-
ment outcomes in a group of 49 patients, revealing that only
18% of them required surgical treatment.

Zaina et al23 evaluated the effectiveness of the different
surgical techniques and compared themwith different types
of conservative treatment for lumbar spinal stenosis; these
authors concluded that it is impossible to say which therapy
(surgical or conservative) is best due to the wide variety of
performed approaches.

Patients usually opt for surgical treatment when the
clinical presentation is aggravated by symptoms of radicular
involvement, as in lateral recess stenosis.24

Outcomes from surgical decompression associated or not
with arthrodesis are superior in the first postoperative years
and usually converge after 8 years of surgery.25,26

Based on the various studies, it can be concluded that
conservative treatment is the method of choice at an early
stage for both radicular symptoms and neurogenic claudica-
tion, as long as there is no neurological impairment with
motor deficit and progressive worsening for the former, or
lameness at a short walking test for the latter. In such cases,
surgical treatment is recommended.27

Surgical treatment

Surgical treatment for lumbar spinal stenosis is indicated in
cases of conservative treatment failure. It is also indicated in
cases with very acute symptoms and radicular involvement
associatedwith dermatome sensorial andmotor changes and
progressive worsening of severe neurogenic claudication. In
these circumstances, symptoms must be related to imaging
findings, which will guide the type of surgery to be per-
formed regarding the segment and area requiring
decompression.

It is also important to assess the need for decompression
and arthrodesis in a situation of clinical and/or radiological
instability, especially when imaging studies reveal a diagno-
sis of degenerative spondylolisthesis. The need for decom-
pression associated with arthrodesis and deformity
correction must be determined in both coronal and sagittal
axis at the time of strategic planning for surgical interven-
tion. The goal of surgical treatment is to improve function,
relieve pain and reduce or prevent neurological deficit. To do
so, neural structures decompression is required, and its
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extension will be determined by signs, symptoms and imag-
ing findings from each case. Even when low back pain is
important compared to radicular symptoms, pain relief is
achieved in most cases undergoing decompression.28

Vertebral canal decompression can be performed with
several techniques. The gold standard is the open technique
with laminectomy or laminotomy, in which laminae are
resected or opened; next, the ligamentum flavum, usually
thickened, is resected, exposing the nervous structures
under compression. Laminotomy can be unilateral, bilateral
or divide the spinous process. The latter decreases para-
vertebral musculature injury, reducing postoperative com-
plications related to hematomas, seromas and infections and
trunk extensor musculature atrophy.29,30 The dural sac is
decompressed after its exposure and removed to allow the
resection of the lateral recess and foramen opening to
decompress an adjacent and/or emerging nerve root
(►Figures 2B and 2C). Such decompression can also be
achieved with minimally invasive techniques.31

A bilateral foraminal decompression, if required, can be
performed using several approaches: bilateral opening; uni-
lateral opening to reach both lateral recesses and foramina;
or unilateral approach, reaching the contralateral side using
the endoscopic over-the-top technique (►Figure 2).32

Today, there is a lot of discussion about outcomes from
open techniques compared tominimally invasive techniques.
Evidence from systematic reviews and meta-analyzes sug-
gest that the unilateral laminectomy technique forminimally
invasive bilateral decompression is associated with less
blood loss and shorter hospital stay, with similar complica-
tions and long-term results compared with the open
technique.33

Pure foraminal stenosis can be resolved surgically with an
open technique using laminectomy or a percutaneous endo-
scopic technique with osteophytes resection or discectomy.34

Decompression surgery and arthrodesis

The need for arthrodesis after decompression due to lumbar
spinal stenosis depends basically on the presence of clinical
and/or radiological segmental instability

Radiological parameters must be considered when ac-
companied by an indicative clinical presentation of spine
stenosis, remembering that variations occasionally exist
with no significant symptoms.35,36

Arthrodesis surgery associated with decompression is
also indicated when a bilateral resection of> 50% of the
facets is required to decompress neurological structures,
leading to the risk of iatrogenic instability, or in the presence
of progressive degenerative scoliosis with coronal and sagit-
tal axis deviation and spinal stenosis at several levels.37

Degenerative spondylolisthesis

Many symptomatic cases of lumbar spinal stenosis present
with degenerative spondylolisthesis at imaging studies.
The degree of facet and disc degeneration leading to listhesis
varies significantly in each case and there are different

degrees of upper vertebra slipping over lower vertebra in
the AP or lateral direction. This translation can lead to nerve
roots compression at the foramen or the lateral recess; in
addition, it may decrease the diameter of the vertebral canal,
leading to central stenosis (►Figure 2D).

Decompression is sufficient in most cases requiring sur-
gical treatment for degenerative spondylolisthesis. For
broader facet resection or if there is evidence of clinical or
radiological instability, decompression is associated with
arthrodesis.38

A meta-analysis from Martdjetko et al39 on studies pub-
lished from 1970 to 1993 about degenerative spondylolis-
thesis surgery showed better outcomes in patients
undergoing decompression and arthrodesis, either in situ
or instrumented, compared to those submitted only to
decompression.40

Arthrodesis associated with decompression for degener-
ative spondylolisthesis can be performed using an open
posterolateral route or a minimally invasive technique –

transforaminal lumbar interbody fusion (TLIF) or minimally
invasive (MIS) TLIF. Published reports did not find major
differences in outcomes from both techniques, except for the
shortest hospitalization time, the least amount of bleeding
and the least degree of pain in patients undergoing MIS
TLIF.41

A mini-open arthrodesis using the transmuscular pos-
terolateral approach (Wiltse technique), which is less expen-
sive and has the same outcomes asMIS TLIF, is the preference
of the authors.42,43

Interspinous devices

These devices intend to promote, through minimally invasive
(mini-open) techniques, distraction between spinous process-
es to restore foraminal height and stabilize the affected seg-
ment. Several works were published when these devices were
first introduced, showing promising results, superior to those
obtained with the simple decompression technique.44–46

However, in recent years, systematic reviews and meta-
analyzes have questioned these outcomes, and the North
American Spine Society stated that there is insufficient
evidence to indicate the use of interspinous devices, which
are considered an investigational technique.47–50

Degenerative scoliosis

Degenerative scoliosis is the most advanced stage of the
Kirkaldy-Willis degenerative cascade.

Coronal axis deformity is not usually accentuated in these
circumstances and, in general, the Cobb angle is not superior
to 30°. Sagittal axis deformity develops due to a progressive
loss of lumbar lordosis, with consequent axial imbalance.

The spinopelvic relationship must be studied not only to
assess the degree of sagittal axis imbalance, but also
the degree of pelvic version, which may have increased to
compensate such imbalance. It is also important to deter-
mine the lumbar lordosis discrepancy to the degree of pelvic
incidence to plan the surgery that will eventually be required
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in case of worsening symptoms of pain, muscle fatigue, loss
of strength and progressive walking difficulty. Restoring
lumbar lordosis is the main goal when correcting degenera-
tive scoliosis, associated with neural elements decompres-
sion and arthrodesis (►Figure 3A–F).51–55

Today, to decrease the risk of complications, the associa-
tion of a minimally invasive anterior (anterior lumbar inter-
body fusion [ALIF]), lateral (extreme lateral interbody fusion,
[X-LIF]) or oblique (oblique lateral interbody fusion [OLIF])
arthrodesis56–59 with posterior fixation is recommended

Fig. 3 Degenerative scoliosis: (A and B) Radiography: degenerative scoliosis with decreased lumbar lordosis and increased pelvic version. (C and
D) Sagittal magnetic resonance imaging: L2 to S1 spinal stenosis. (E and F) Postoperative radiography: deformities correction with increased
lumbar lordosis and decreased pelvic version.

Rev Bras Ortop Vol. 56 No. 1/2021 © 2020. Sociedade Brasileira de Ortopedia e Traumatologia. All rights reserved.

Degenerative lumbar spinal stenosis Henneman et al. 15



when a large increase in lumbar lordosis is required, instead
of posterior subtraction pedicular osteotomy.

Final considerations

It is crucial to know the pathophysiology of spinal stenosis
and to determine the precise location of the cause of pain
using clinical and imaging findings to indicate a conservative
or surgical treatment. As for surgical treatment, knowing
when to indicate only decompression or to associate it to
arthrodesis is essential to obtain the best outcome.
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